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SUMMARY

_ During the period December I, 1972 through May 3}, 1973, the period
covered by the current report, the Environmental Sterilization Laboratory,
Space Sclence CenTer, University of Minnesota has continued experimental
work related to the dry heat resistance of microorganisms and to the com-—
bination of heat and radiation.

The work on the effect of combined heat and radlation on microbial
destruction is covered by an abstract of the recent effort and also the
concluslons of these experiments. .

During this reporting perlod we have also eva!uaTed the dry heat

~resistance of selected bacterial spore crops other than Bacillus subtilis

" var. niger. The results of these studies Indicate that the different

strains of Bacl|lus stearothermophilus may demonstrate marked differences

In dry heat resistance. [T was also found in these sTudies that condition-
Ing‘and heating the spores in a very dry atmosphere significantly increased
fhe dry heat destruction rate in some spores over fhe.valﬁes observed In
clean room tests. For the more resistant strains, differences between the
dry box experiments and the clean room experiments were small. |

A study has been initated to determine the effect of sTorége TIme,'
suspending medium, storage temperature and spore crop cléaning procedures

on the dry~heat survival! characteristics of Bacillus subtilis var. niger

‘over a long period of time.. _

Some preliminary work dealing with fthe dry heat resistance of natural
_microfiora on soll particles is Included in this report. These studies
have dealt with the effects of dry heat at 125 deg. C on viability of

microorganisms associated with soil particles.



|. EFFECT OF COMBINED HEAT AND RADIATION ON MICROBIAL DESTRUCTION -
Donald A. Fisher and Irving J. Pflug

This study on the effect of combined heaf and radiation on microbial
destruction was initiated in June {971 and is now being terminated. The
environmental system developed in our laboratory .for use in the dry heat -
thermoradiation study has bsen described previously (see Progress'ReporTs
#7 and #8). In Progress Report #9 we described work on the effect of com-
bined wet heat and radiation. |

We have also attempted to determine the mechanistic basis of The
synerg|sm which results upen addition of these two seemingly independen+
lethal agents. , ‘

. The objectives of This.projecf were: (1) to investigate the synergistic |
effect which results when bacterial spores are subjected to simultaneous '
heat and gamma irradiafidn, thereby enabling us to specify thermoradiation
cycles, and (2) to derive a clearer understanding of the underlying mechanism
which leads to non-viability of bacterial spores. ' '

The conclusions of these experiments are: _

). Dry=-heat thermoradiation experiments show a synerg?sTic effect,

+the degrée of which depends on radiation InTensiTy, temperature, -
and relative humidity. . - o

2. A physical and mathematical modetl has been derIVed which, flrsf
of all, predicts a synergistic effect, and secondly, displays a
priori many of the salient features experimentally observed.
This mode! is useful for the execution of further thermoradiation
experiments and relates to future testing for synergistic effects

between other combinations of physical stresses.



2. DRY HEAT RESISTANCE STUDIES OF
SELECTED BACTERIAL SPORE CROPS

0. R. Ruschmever, G. Smith, 1. J. Pflug, R. Gove, and Y. Heisserer

{NTRODUCT I ON

Spacecraft sterilization programs have been concerned primarily with
-the spore forming bacteria as Indicators for determining the efficacy of
sterilization procedures. Among the most heat resistant micro-organisms
known are the aerobic spore forﬁers of the genus Bacitlus. Of parficular
interest to The NASA program is the response of various spore forming
bacterta to dry heat sterilization processes and the thermal resistance
patterns of their spores. '

Variations in the heat resisfancé of spore forming strains cultured
or stored in different laboratories may be a problem when selecting certain

spores as biolbgical'indica+ors for monftoring sterilization cycles. This
is true not only for spacecraft steritization programs, but also in appli-
:cafions'for hospital sterilization procedures and for quality control op-
erations in the food industry as well.

The work reported here has been concernad with the dry heat resistance
and response characferis+iés of selected stralns of aerchic spore fdrmers_
obtained from various sources. Survival patterns of the épore,crops ware
 determined at 110° and 125°C. The influence of conditioning and heating
at two humidity levels and the effect on dry heat destruction rates of the

spores was also fnvestigated.
OBJECTIVES

The objectives of this investigation were as fotiows; (1) To obTain 
survivor curve data and calculated D-values to indicate the dry heat de-
struction rates for special spore crops from selected stralins of +hermo-
philic and mesophilic Bacillus cultures. (2) To determine the influence .

of conditioning and heating at fow humidity {less than |.0 per cent R.H.i



on the thermal resistance of the selected spore crops as contrasted with
treatment at 50 per cent R.H. a

MATERIALS AND METHODS

Spore Strains

Spore cfops from four different strains of bacteria were inves?fgéfed ‘
in an attempt to obtain additional information on dry heat destruction
rates of aerobic spore formers. - Three of the organisms studied were se-

lected strains of Bacillus s+earo+hermopﬁilus, a thermophilic, aerobic,

spore former. The fourth organism was a special strain of Bacillus
subtilis isclated in food industry studies. A description of these spore‘
~crops, together with the assigned spore codes and the source of the iso-

- lates, is provided in Table 2.1},

Culture Methods and Spore Harvest

Isolates of each organism investigated were cultured In our labora-

fories for spore production. Bacliilus stearothermophilus strains were

Agrown‘dn a sporulation medium of nutrient agar supplemented with MnSO4'

(5 mg/liter) and incubated at 55°C. Sporulation media for Baciilus subtilis

consisted of nutrient agar supplemented with MnSO4 (I mg/titer). This

organism . was incubated at 32°C.

‘ Spore crops were harvested from the culture media with distilled water
washing and centrifugation, Additional washing with distilled water and
~centrifugation was used to clean the spores of vegeTafFve cell debris;
Fdllowing this treatment, spores were resuspended In deionized, double~

distilled water. These suspens?ons‘were stored at 4°C until tested.

Heat Treatment Procedures

Dry heat deéTrucfion rates of the spores were determined with the
PiancheT ~Boat-Hot PlaTe Method described in detall previously (see Un1~
versity of Minnesota, School of Publac Health, NASA Report #3). For
experiments reported here, two 1/2" x 1/2" sterile, stainless steel planchets
wefe placed in each boat and fhree boats were treated for each of six’

heating time Intervals. All preparatory work was done in our laminar



Table 2.1

Description and ldentitication of

Spore Crops Tested

Spore o
ldentification Description

ECFF ‘ ' " Baciilus subtilis strain. Schmidt, Continental
' Can Company, Chicago #5230. Cuitured in tabor—
- atory, spore crop harvested and stored in de-
fonized, distilled water at 4°C in refrigerafor.

PBBF " Bacillus stearothermophilus. ATCC strain
' - #7953, Cultured in laboratory, spore crop
harvested and stored in defonized, distilled
water at 4°C until tested. ' : :

QHAF Bacil lus stearothermophilus. Original source

: was a sterility test spore strip from a hospital.
Cultured iIn laboratory, spores harvested and
stored in deionized, distilled water at 4°C
until tested. : ' '

PCFF o _ Bacillus stearothermophifus. Strain supplied
- o by Dr. C. F. Schmidt of Continental Can Company.
Cultured in laboratory, spores harvested and
stored in deionized, distilled water at 4°C
until tested. ' :




downflow clean room factlity. _ \
' "Aliguots of the stored spore suspensions were diluted with distilled
water so that the final test suspension spore concentration was approxi-
mately IO6 spores per 0.0Z2 ml volume. The diluted samples were mixed in
‘a Vortex unit for about five to ten seconds and then 0.02 m! quantities
of the test sporé suspension were deposited on each planchet with an
_ Eppendor{ pipette. This procedure provided an initial test concentration
of appfoxima+efy ¥06'spores per ptanchet. Spore deposits were left to
dry and then equilibrated overntghf in The test environment before being
subjected to heat treatment.. | ‘

Hot plate temperatures used In these studies were §10°C and I25°C
Boat positions on the hot plates were randomly selected. Heafnng +ime .-
intervals were chosen arbifrarily because no information on the response
of these partlicular spore crops to dry heat treatment was avallable. Hot
plate and boat temperatures were monitored during each experiment with
thermocouple probes and a Hewlett-Packard multi-channel data acquisition '

system.

Plate Counfs‘and Data Analysis

:Foilowing the heat freatment, blanchefs from each boat were dropped
into previously numbered, sterile flasks. Suifabie'amounfs ot sterile, |
buffered dilution water were‘added and eaéh flask was placed in a soni-
cator (25 Khzf/sec.) for two minutes to elute spores from +he planche+si'
Hf requlred, appropriate diiuTioné of the sonicated sﬁore suspénsions
" were made and then 10 ml, 1.0 ml, and 0.1 ml aliquots of each dilution.
were plated In duplicate using Trypticase Soy agar media. Affer 48 hours
incubation at 55°C for B. stearothermophilus or 32°C for B. subtills,

colonies on the plates were enumerated with a Bactronic colony counter.
VUnheaTed spore dgposifs on the planchets of three boats served as zero -
time controls. These unheated p!anchefs were processédland plated in .
the same manner as the heaTed spore saries. l

Plate counts provided information on the number of surv:v1ng spores .
at each heating time. For each spore test series data were obtained
from three boats processed for each of six heating times plus the values

from the zero time controls. Flate count data were fed into the university



computer for analysis. From the computer output, points representing

the mean number of sﬁrvivors for each heating time were plotted on semi-
logarithmic paper to reflect the trend of the surviver curve.v The com—
puter program also provided a calculation of a least squares regression
analysis (omitting NO) to estimate the D-value and y-intercept for each

spore crop test series.

- Clean Room and Dry Box Environments

During the first series of experiments, all of the dry héa+ resis=
" tance determinations were done on hot plates in our laminar downflow
clean room. The clean room air system was controlled at a temperature

of 22.2°C with a relative humidity of 50 per cent. Al} spore suspensions
'feSTed on clean roam hot plates were deposited on the planchets and al-
lowed to dry. The sporsa depoa|+s were then allowed to equilibrate in the
clean room for I8 hours or more before heat treatment. Ouring the con-
ditioning period, the spore deposiTsIWere protected from direct air flow
with a stainless steel tray elevated on supports. After the perltod of con-
ditioning, spore deposits were heated on the 110°C or -125°C hot plates
g u.mﬂ*ﬂ‘ncheTs were processed for plating. e
 Following the Initial series of thermal resisfance fests in the
_'clean room atmosphere, a second sesries of expertmenrs was carried out fo
test The response of the spore crops to heating in dry atmospheres as

" compared to the relatively more moist atmosphere of the clean rqom.' The
dry atmosphere tests were run in a converted glove box and antechamber
 thch were modified to provide a dry gas environmeni. A constant, con-
trolied flow of dry nitrogen gas was passed through the unit and a hu-
midity confroi:sys+em was included in the gés train. The glove box hu-
midity was recorded continuously by-a moisture monitor, Hot plates in
t+he glove box were operated at 110°C and 125°C with femperature monitor
systems similar +o‘+hose used in the clean room. '

The dry glove box atmosphere was controlied at approximately 27°C

'wiTh a 0.28% R.H;. Addifioné! data concerning the calculated humidities
for the spores in the conditioning and heating atmospheres are shown in

Table 2.2. Further details of the dry atmosphere sysfém have been de-



Table 2.2

Relafive'Humidify in Conditioning Atmospheres and in

Atmosphares Surrounding Spores Treated on Hot Plates

Condi%ioning Atmospheras

Dry Box - Clean Room
“Temp. - o 27°C . | | 122.2°C
R.H. (%) 0.28 : - 50

Moisture (PPM) 100 - 13,000

Calculated Relative Humidities of
~ Atmospheres Surrounding Spores on Hot Plates

Dry Box Clean Room

Temg. Hot Plate R. H. ’ Hot Plate R. H.
0% ‘ | " 0.007% . 1.0%

[25°C 0.004% 0.6%



scrlbed in a previous report {See University of Munnesofa, School of Public
Health, NASA Report #9, Appendix A) _

' With the use of the clean room and dry box systems, it was possible

to subject the spore crops to conditioning and heating in both a dry at-
mosphere and in the relatively higher moisture conditions of the clean.
room. .. For comparafive studies in the dry box and the clean room, spore
suspensions were first deposited on two series of planchets in the clean
room area and allowed fo evapéra+e to dryness for a period of two hours.
When the spore deposits were dry, those sampies to be run in the dry at-
mosphere were transported to the glove box antechamber, held there for

30 m;nufes, and then transferred to the main chamber of the dry box. These
samples were conditioned and equilibrated in the dry box overnight aT

27°C and 0.28% R.H. for a period of |7-18 hours. The spores ware then
heated on the dry box hot plate at the fest temperature. '

A second set of equal numbers of boats and plianchets were condlfloned
-overn|gh+ (I7—I8 hours) in +the clean room at 22°C and 50 per cent R.H.
These spores were heated the next day on the clean rooﬁ hot plate at :

" the test. temperature. Thus, we were able to prepare two sets of the same
spore deposits that were cond1+|oned and heafed nearly simultaneously,

but at two different moisture Ieve!s

RESULTS AND DISCUSSION

~ Data from the tests of dry heat destruction rates of spores heated
in the clean room series indicated that there were marked differences in
the resistance of these spore crops to thermal treatment. This effect
_was readily noticeable when comparisons were made of D-values obtained

for the three strains of Bacillus stearothermophilus spores studied.

The dry heat D-values for these clean room experiments are {isted in Table
2.3, | i | | |

Among the thermophiliic strains fested, the QHAF spore crop demon-—
strated the greatest resistance to dry heat destruction. For most of
the test series carried out at 125°C, D-values fdr the QHAF strain sporéé o

were approximately four fo five times greater than The'cdrresponding



Table 2.5

Summary of Dry Heat D-values Obtained in Clean Room Hot

Plate Studies with Selected Bacillus sp Spore Crops

Bacterial Species and Dy (Mine) DI25 (min.)
Strain Spore Code '
B. stearothermophilus
OHAF . 69.8 6.3
' 63.0 13.0
i18.0 : 13.5
-— iz.7
(x = 83.3) (x = 11.4)
PCFF 27.6 3.4
’ . 28.4 3.2
37.6 o 2.2
- 2.5
(x = 31.2}  (x= 2.8)
PBBF - e 2.3
B, subtilis
ECFF -— ) ] 13.6
' - 12.2
S (x =

12.9)




D-values obtained for .the other two ‘B. stearcthermophilus spore crops
(PCFF and PBBF). The average D

(25 value for the QHAF spore crop was

‘ - 125
and an average value of 2.8 minutes for spore crop PCFF.

I1.4 minutes as compared to a D value for 2.3 minutes for PBBF spores
Two clean room dry heat survivor experiments were also completed af

125°C with B. subtilis (ECFF) spores. The average D’25 value for this

spore crop was 12.9 minutes (see Table 2.3). It is of inferest o note

that the spore.cfop of this mesophilic species was approximately as resis-

tant to dry heat destruction a+ 125°C as' was that of the thermophile,

A B. stearothermophilus (QHAF). Furthermore, the B. subtilis spore crop

was also much more resistant to heat effecfé at 125°C +than the PCFF and

PBBF strains of B, stearofhermophilus spores.
At 110°C only the QHAF and PCFF spore strains were |nves+|gafed
. The data in Table 2.3 indicate that the QHAF spore crop had an average

DIEO‘Of 83.3 minutes as compared to a value of 31.2 minutes for PCFF
spores. On fhe basis of these D-value data, it is clear that the QHAF
spore strain was also considerably more resistant to heat destruction at
110°C than was the PCFF spore crop. '
'_ IT is noteworthy that the dry heat survpval studies complefed o
date suggesf that there are definite strain differences in the three

spore crops of Bacillus stearothermophilus cultures we have studied.

Despite the fact that é!l three cultures were g?own on, the same media,
that spores were harvested by the same procedures, and that storage of
spores was under identical conditions, differences In thermal resisfance
to dry heat were readily detected. Differences in the genetic compost-
+ion of these spores is one factor that could account for these obser-
vations. It is impertant to recognfze that these differences in strain
resistance to dry heat sterillzation occur and this phenomenon-musf be
taken into account when selec+ang bacterial species for use as indicafors
in sterilization processes. _

Survivor curves plotted from the data obTalned in the initial clean
room hot plate studies with spore crops PCFF and QHAF are reproduced In
Figure 2.1 through 2.10. The points on the graphs represent the mean )

values of the results obtained from duplicate plate counts for each of.
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three boats run at each heating time. The regression [ine has been plotted
on each graph and was calculated from the plate count data by means of
our laboratory computer program, CTRJ. D-values défermined for each set
of experimental data are also included on Yhe graphs.

A limited number of clean room versus low humidity dry box experi-
ménts were also done to compare the effects of these iwo environments
on the heat resistance and survivor curves of the se!eéfed‘spore Crops.

- The data accumulated from these experiments are summarized In the D-values
tisted in Table 2.4 and the survivor curves are shown in Figures 2.1
Thrbugh 2.17.

For the QHAF spores, the clean room versus dry box hot plate series
yielded résU!Ts that appear to show similar trends at both 110°C and 125°C.
At both temperatures, the data indicate that conditioning énd heat treat-

‘ment of QHAF sporeé in the glove box promoted a greater desfrucfion‘rafe
of spores in only the very first phase of heating. Following this initial
period, the destruction rates were neafiy similar for spores conditioned
and treated in either the clean room or dry box systems (see Figures 2.!1"
and 2.12). Table 2.4 shows that the D-values obtained at each particular
temperature were nearly similar for the fwo environments. From the survivor
curve data, it appears that conditioning in the dry box may render a pro-
portion of theses spores somewhat more susceptible fo dry heat des?rucTioh‘
in the first interval of heaf treatment. Following this initial Increased
rate of destruction, the shapes of Thersurvivor curves for the QHAF spores
were nearly ifdentical for both dry box and clean room environments.

The data -for the two least resistant spore crops of B. stearothermophilus

(PBBF and PCFF) indicate that, in dry box freatments, the dry heat destruc-
tion rates of these spores wefe ihcreased +o some exfep+._ In each of the -
experiments wah these spores, the D'25 values were rgduced when spores
were conditioned and heated in the dry box as contrasted with clean room -
results. The data of Table 2.4 indicate that dry atmosphere conditioning
and heat effected as much as a two to four fold reduction in D-values

" in some of the experiments at 125°C.

The two clean room-dry box experiments with Bacillus subtilis (ECFF)

produced variable resulfs. In both trials, the spores treated in the dry
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. Table 2.4
Comparison of Dry Heat Hot Plate D-value Obtained with
Selected Baciltus sp Spore Crops Tested Simultaneousty

_in Clean Room Versus Low Humidity Dry Bex Cenditions

, _ D {(min.) D {min.)
Bacterial Species 25 1o
and Spore Code ’ Clean ~ Dry Clean ' Dry
Room - Box Room Box
B. stearothermophilus
QHAF i3.0 14.4 63 65
PCFF . - 2,2 t.5 - -
PCFF o 2.5 1.0 B o
- PBBF . 2.3 0.5 - -~
B. subtilis
ECFF 12.2 10.2 - --
ECFF - “13.6 6.1 - -
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box demonstrated greater rates of heat destruction in the first interval
of the heating time ksee Figures 2.16 and 2.17). Theée graphs also show
That The survivor curve data and D-values for the two clean room experi-
ments were consistent. However, the two dry box results were not in
agreement, yjelding_D-vg!ues that showed -an approximately two fold dif-
ference between runs. At the present time, the reason for this difference
in response Is no+ known. Additional experiments will be required 1o de-
termine the characferisflcs of The survivor curve for ECFF spores treated

in dry box afmospheres

SUMMARY

w

|.- Spores of different Bacil!us sfearo+hermophi!us strains, which

were grown, harvested and stored, using identical procedures,:demonsfraTed
marked differences in dry heat resistance in fests at 110°C and 125°C.

2. B. stearothermophilus (QHAF) and B. subtilis (ECFF) were the most
heat resistant of the spores tested. Spore crops PCFF and PBBF, also

both strains of B. stearothermophilus, were much less resistant to dry

heat destruction.

- 3, Conditioning and heating the two least resistant spore crops
(PCFF and PBBF) in a .dry box atmosphere Increased the dry heat desTrucTnon
rates over fhose observed in clean room tests. _

4. For the more heat resistant strain of the thermophile, B. stearo-
mophilus (QHAFY, D-values obtained from dry box experiments were approxi-~
mately similar to those from clean room t+ests. However, conditioning
in the dry atmosphere apparently rendered a proportion of these spores
hore susceptible to dry heat desfrucfion during the first heating time
interval. Similar conditioning effects were observed in dry box experi-
ments with B. subtilis (ECFF) spores, but resulfs and D-values were not

consistent.
FUTURE WORK
in future investigative work, the following areas might be exblored

to provide additional information concerning the dry heat resistance of
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aerobic spore forming species. :

i. Additional studies on the dry heat resistance of ofher thermophilic
spore crops would be helpful in determining the range of heat tolerance
in this group of bacteria. . ‘ | ' -

2. Further work remains to be done with spore crops currently in our
7 collection. Aang these studies are certain analyses of thermophilic ‘

spore crop responses to dry heat at 110°C.

- 3. Another area of inferesf would be the analysis of dry heat resis-
tance characteristics of other selecTedkmesophiIIc, Bacil lus species iso-
. lated from Minnesota soils or contaminated food products. | .
4. Supplementary sfudiesrfo determine the response_of other spore

crops to heaft treatment in dry box atmospheres..
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3. DRY HEAT DESTRUCTION RATE OF BACTERIAL SPORES .
Bliss Moore, Ronald Jacobson, and lrving J. Pflug

INTRODUCT ION

Most of our earlier work has been concerned with laboratory cultured
cleaned spore suspensions, mainly. because of simplicity of handling and
precision of experimental control. However, we have also been inferesTed'
for some time -in the dry heat resistance of the indigenous soil micro-
flora as they occur In their natural environment, i.e. associated with
‘seit and dust particles. Some studies have been,direcfed toward investi-
gating the dry heat resistance of parf:cles < 43 um in ethanol and water
| suspensions (University of Minnesota, School of Publac Health, NASA Progress
Report #6, June 1971, pp. 26-31 and NASA Progress Report #7, December
1971, pp. 13-31). .Mofe recent work was concerned with a given mass of dry
- {ambient condition) soi!'parTicles (University of Minnesota, Seheo! of
Publ ic Health, NASA Progress ReporT #8, June 1972, pp. 25-38)}. However,
we have done no work until now on 1nd|vadual dry soil particles > 43 um.
Therefore i+ was decided that we should attempt to more nearly simulate
“actual spacecraff conditions by using the dry soll and individual particles.
The particies were sized In an effort to associate a certain fevel of dry

" heat resistance with the different groups of soil particles.
OBJECTIVES

The objectives of these studies were: (1) fo develop a workable,
reliablie tost system for soil particles, and (2) fo examine the dry heat
. resistance characteristics at 125°C of Individual Cape Kennedy soil

particles of four different homogeneous sizes.

MATERIALS AND METHODS

A sample of Cape Kennedy soil (WAJJA), received from the Spacecrafj

Bicassay Leborafory in December 1971, was separated into particle sizes
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by shaking on a Ro~tap machine for. 30 minutes. Thé Ro-tap unit included
a series of seven clean sieves to separate the soil infc seven fractions.
The standard ASMT-NBS sieves used from top to bottom were NBS numbers 140,
{70, 200, 230, 270, and 325. These sieves had openings of {05 um, 88 um,
74 pm, 63 uym, 53 pm, and 44 um respecT|ver {see Table 3. . Subsequen+ly
seven more fractions were collected by snf+|ng the 105 um sof b fraction
Through Iarger sieves: NBS numbers 60, 70, 80, 100, 120 and 140. “The
‘openings of these sieves were 250 wm, 210 um, 177 uh, (49 um, 125 um, and
105 um respectively (see Table 3.1). All these fractions were given code
numbers and stored in clean, sealed jars at room temperature.

inttially four fractions were chosen for study. These were a 44=53 um
fraction, the smallest defined size group; a 105-123 ﬁm fraction, the |
largest size that might still be considered dust; and fwo intermediate
sizes, 74-88 um and 88-105 um, that could be conveniently handled. A small
amount of soil of a given size was spread out in a petri dish from which
Individual particles were separated with a fine wire {.005" chromel)
inoculating needle. By means of natural static charges on +heuheedle'_
‘and careful manipulation, these indivfdual particles wefe Transferred io
sterile, stainless steel cups (0.D. = 5/16", h = 3/8") or to the wells
(0.0. = 3/16", d = 3/32") of stainless steel boats (1 = 2 1/2", w = 2 /2",
Cho= /4. | | i - | -

I+ was ThoughT that orgath cohg!omera+e type of particles would be
+the most likely ones to have the most spores, so only the darker, non-

crystalline, non-sand-like particles were used in these studies. All

‘  the experiments reported. here were carried ouf in the ctean room (22°C at

50% RH or about 13,000 ppm water}.

MosT of the experimenfs were carried out usang The Cup ~Boat-TSB
f(TrypT:case soy broth) system. The stalnless steel cups were set in
5 place: copper boats (1 = 3", w = 3/4", h = 3/8") for heat treatment studies.
Groups of four or more boats were heated on a 125°C hot plate for selected
time periods. After heating, the boats were cooled on a cold plate (cir- _
culating cold tap water) for three minutes; the cups were removed aseptically

from the boats with sterile forceps; each cup was placed in a TSB (.005%
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alanine) tube and incubated 14 days at 32°C. Positive tubes were determined
by the slightest presence of TurBidify;.Then smeatred, Gram stained, and
subcultured for confirmation. Any fypicai Gram néga+ive rods or Gram posi-
tive cocci were considered as contamination and designated negative.

A few experiments were done using the Well-Boat-T3A (trypticase soy
agar) system. In this system, ind{vidual soil particles were placed in
the small wells (3/16" dia x 3/32" deep) drilled In a 2 1/2" square stain-
less steel boat (100 we!ls per boat). The boat was placed on the hot piaTé
for a given time interval, cooled in the same manner as the copper boats,
and then TSA was added direct!ly fo the wells. . The boat was then placed |
in a petrl dish with water in +he bottom to prevent the agar from drying

out during the fwo-week incubation period at 32°C.
RESULTS

A number of the experiments carried out were concerned with comparing
the dry heat resistance of four differenfksizes of particles, i.e., 44-53
- Hm, 74~88 um, 88-105 um, and 105-125 um. The method inttially used for
these preliminary studies was the Cup-Boat- ~-TSB system preV|ously described.
under Materials and Methods. . Data obtained from these Initial experiments
with Individual soil particles tested by using the Cup-Boat-TSB system
are presented in Tables 3.2 through 3.6. In these studies either 20,
' 40 or 80 particles were used per heating time.
" Tentative estimates of DI25 values for each particle size category
~are listed in Table 3.2. These esT;maTes were obtained in fwo djfferenT
ways. The first method was to average the D-values taken from NO To each
data point. Although the NO point wasrnOT always exactly 1.0 for each
data pointT, N was assumed to be 1.0 for these calculations. The second
way of esfrmaflng a D-value was ‘simpty by connecting the f:rsf and last
data points and determining the slope. .
Some work was also initiated to compare the two treatment procedures
and assay systems previously described under Materials and MeThods; One
" was the Cup-Boat-TS3 system where particies were put into $Tain}essAsTeel

cups, placed'in a copper boa+,'and heated. After cooling, each cup was
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Table 3.1

Particle Size Ranges Separated By Standard Sieve Series

Sieves(#) Fractions (um) Sieves{(#) Fractions (um)’
140 > 105 60 > 250
170 88-105 | 70 210-250 -
200 74-88. 80 177-210
230 63-74 100 149-177
270 53-63 120 125-149
325 44-53 . 140 105-125
" Bottom <44 Bottom <105
B
Table 3.2

D~Value Data Obtained ln Viabil 1ty Studies bf Varidus

Particle Size Ranges.

S

Cup-Boat-TS8 Methed

Code Size Ave. 2 pt. D-value| 2 pt. D-value
| CGum)d {from NO) (Ist pt. to las+ pt.) .
WAJJC l 4453 75.6 . 148
CWAJJF 74-88 i21.9 T 122
WAJJG 88-105 140.6 345 o
WAJJH | 105-125 284.8 284
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Table 3.3

Viability of Cape Kennedy Soll Particles '
After Dry Heat Treatment at 125°C WAJJC Soil (44-53 um) Cup-Boat-TSB Method

Experiment Heating Time ProporTidn Positive '@
Number {min} Fraction - Decimal
BM2364A | 15 8/20 . 0.400
BM2364A 30 6/20 0.300 |
BM3026, 3075 - 60 - 9/120 0.075
BM3026 - 120 | /40 0.025
BM3080 180 a0 | 0.050
'BM3094 240 | 1/80 0.012

{a'Refers to fraction of particles with viable microorganisms.

Table 3.4

Viabitity of Cape Kennedy Soil Particles =
After Dry Heat Treatment at 125°C WAJJF Soil (74-88 um} Cup-Boat-TSB Method

Experiment Heating Time Proportion Positive (a
" Numbar {min) Fraction Decimal’
BM2364B s la720 | 0.700
BM2364B © 30 17/20 0.850
BM3005, 3068 | 60 17/80 0.212
BM3005 120. . 3/40 0.075
BM3033, 3040 180 /160 . 0.006
BM3096 240 _ 1/80 0.012
4

“Refers to fraction of particles with viable microorganisms.-
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Table 3.5

_ Viability of Cape Kennedy Soil Parf:cies
After Dry Heat Treafmenf at 125°C WAJJG Soil (88-105 um) Cup-Boat-TSB Method

Experiment Heating Time Proportion Positive (a

Number {min) Fraction Decimal
BM3Q12 60 5/40 G.125
BM3012 120 4/40 0.100
BM3047 180 | onsso o | ouss
BM3053 240 | 3/30 0.038
(a

Refers to fraction of particles with viable microorganisms.

. Table 3.6

Viabitity of Cape Kennedy Soil Particles
After Dry Hea+ TreafmenT at 125°C WAJJH (105~125 pm) Cup-Boat-TSB Method

Experiﬁenf Heating Time PropérTion Positive (a
Number - o (mim) Fraction Decimal
BM3059 60 . 21740 - 0.525
BM3059 240 - - 2/40  0.050
BM3061 - 360 ' 6/80 0.075
awzoss |- 4s0 1/80 0.012

_‘ﬁaRefers to fraction of particles with viable microorganisms.
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- Table 3.7

Results from Trials with "Boat-TSA" and "Cup-Boat-TSB"

Assay Systems. Cape Kennedy Soil Particles (105-125 um).
Dry Heat 125°C for One Hour--Clean Room Hot Plate

Experiment TEST SYSTEM
- Number BoaT-TSA Cup-Boat-T36
Froportion {min) Proportion 25
Positive NO Positive om
BM3103A 38/100 142 105
BM3103B 48/100 187 105
BM3 136A 52/100 214 105
. Mean 181 105
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aseptlically transferred Yo a Trypticase Soy broth tube (.005% alanine) and
incubated. The other system consisted of a stainless steel boat wiTh'IOO

" wells to which particles were added. After heating and cooling The boat,
Trypticase Soy agar was added directly to each well before incubation.

_ For a comparative study of these two systems, three experiments were done
in the taminar downflow clean room using the largest particle size group,
i05-125 um (WAJJH). Results from these experiments are shown in Table 3.7.

DISCUSSION

The somewhat erratic results in the proportion-positive survivor data
for. the four particle sizes (Tables 3.3 through 3.6) are not surprising
conS|derlng the exfremely low initial number of particles used, I. e- in
some cases only 20 particles per time period. However, There appears to
be a trend suggesting that the Iaﬁger particles may be a Iittle more
heat resistant than the smaller particles. This frend is reflected in
the D-values of Table 3.2. There are three possible explana{ions.‘ First,
the larger particles may havé a significantly higher population of organisms
than the smaller ones, thereby Increasing the survival time Qnder treatment
according to logarithmic death theory. Second, more dry heaf resfs+an+

organisms may be associated with the targer pérTTcIes than with the smaller

" _ones. Third, the larger particles may afford some sort of protection to

the organisms associated with them (e.g. water content}. At this time

we have no evidence which supports any one of these three possibiEiTies

In fact, more work needs fo be done to subsfanfua*e the apparen+ greafer

- heat resistance of the larger particles. _
The results from the particle viability deTecfion system comparison .

study definitely show a difference between The fwo systems (see Table 3.7).

In each of these .experiments, the test system using TSA media yielded

. consistently higher numbers of particles with viable microorganisms (pro-

- portion positive values) than was found with +he TSB system.. A similar

- trend is shown by'fhe D,.-values estimated from ‘these results for 0-60

125 .
minutes. Since there is no known appreciable difference between the

two heating systems, the difference in numbers of survivors was mosT
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" probably due to The media. That is, either befter growth occurred with the
TSA than with the T3B, or growth was more easily detected in the TSA than
in the TSB, or both. However, other possibilities have not been ruled out

and further investigations are planned.
CONCLUSTONS

I. The larger particles appear to be somewhat more dry heat resisfahfl
than the smaller ones. This same pattern was found in soms of our previous -
soil investigations (see NASA Progress Report #7, December 1971, pp. 14~
20). | - .
.2. In the comparison of two diffefenf test and sssay éysfems; the
Stainless Steel Cup-Copper Boat-Trypticase Soy Broth system ylelded con-
sistently fewer positives than did the Well-Stainless Steel Boaf—TrypTicase
Soy Agar system. The most probable reason for.this difference was the
media. Apparently, the TSA either promoted better growth than d¢id the TSB,
or better facilitated growth detection, or both.

-FUTURE WORK

l. w%drTher work is planned inrdeve!oping afTrea+menT and assay-sySTem
that is relatively simple and rel?éble. ' o |

2.‘ More complete characterizations of the survivor curveénof the
various sized particles is planned.
1 3. Comparison of the dry heat resistance befween some newly acquired
‘Cape Kennedy soil (WAKMA) and the Cape Kennedy sd[l recelved in 1971 (WAJJA)
which were used in these studies will be made. D

4. Efforts will be made to examine any effects é dry éfmospﬁere, i.e.;
110 ppm water, during hea+ing-migh+ have on the dry heat resistance of
these particles as opposed to the clean room ambient aTmospHere, le.,’

13,000 ppm water. '

41



4. " LABORATORY CONTROL AND STATISTICAL ANALYSIS
Geraldine M. Smith and Irving J. Pflug
A study has been initiated to determine the effect of storage time,

suspending medium, storage temperature and spore crop cleaning procedures

on-the dry heat survival characteristics of Bacillus subtilis var. niger

.spores. A spore crop was produced in SSM-10 broth in sufficient quantity
to make It possible to assay samples at 110 and |25 deg. C at six-menth
intervals over a three yeaf period. Two suspending media (distllled water’
~and 95% ethanol), and two storage temperatures (~10 and 4 deg. C) are being
evaluated. At each of these conditions, spores that were sfored without
performingAany cleaning procedures are being compared with spores that
~were cleaned, using insonation to free spores and break up vegefafive
debris, followed by several washings wi+h'deionized distilted water. The
- planchet-boat hotplate system of heating ie being used. To date tests
-have been carried out for storage times of approximately 90 days and 300
days. ' '
- The experiments to defermine media veriaffon, where samples from
different batches and lots of the same type of media are used to aseay
" replicates of a single dry heat test, have been continued. The results
_of these tests indicate no significanT difference between hatches of
"the same fot (mfg.fs lot #) of media. However, when two different lots
- of media from the same manufacturer were compared, a significant diffefehce_
" was detected. ' _ | ' o
The objectives of these experiments were: (|) To‘improve {abofa+bry
control through long range studlies of the effect of storage conditions

on the survival characteristics of Bacillus subtilis and (2) To evaluate .

the day to-day variation of media prepared in The !aborafory
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